Using compensation records of Taiwan, we conducted a case-control study nested within a cohort of 77,846 active workers who experienced at least one Incidence of non-fatal work-related injury between 1994 and 1996 in order to explore factors associated with risk of sustaining multiple non-fatal injuries in the workplace. Cases (n = 2,616) were workers with more than three incidences of non-fatal injury during the study period and controls (n = 3,974) were randomly sampled from workers who experienced only one incidence of non-fatal injury during the same period. Compared with construction workers, workers employed in mining and quarrying (OR = 2.7), manufacturing (OR = 1.2), commerce (OR = 1.6), transport, storage and communication (OR = 1.3) and social, personal and community service (OR = 1.4) were all at significantly elevated risk of multiple non-fatal injuries. Both age and wage showed a significant dose-response effect on the risk of developing multiple non-fatal injuries. The preliminary analysis suggests that workers in certain industries are at significantly elevated risks of multiple work-related non-fatal injuries, in particular those in the mining and quarry industries. Additionally, further preventive measures should be aimed at protecting older workers from such injuries and further studies would help provide more specific interpretations on the positive association between higher wage earning and risk of multiple non-fatal injuries.
INTRODUCTION
Work-related injuries have contributed to significant life and monetary losses in most industrialized nations as well as in many parts of the developing world. Since work-related injuries can have serious consequences such as death and potential loss of economically active years of life, the patterns and causes of fatal injuries have been investigated in many previous studies. 1 " 5 In the USA, for example, although data have shown that workrelated mortality rates decreased some 37% through the 1980s, 5 6,588 fatal work-related injuries were recorded in 1994. 1 In Taiwan, there has been a sustained decline in the work-related fatal injury rate over the past decade. However, fatal injuries still contributed to 1,312 (or 0.15 deaths per 1,000 workers) deaths in 1995, 6 an incidence rate much higher than that in the USA. Work-related non-fatal injuries, on the other hand, have not received adequate attention from either researchers or the public. However, the incidence of non-fatal injuries is much higher than that of fatal injuries. In Taiwan, a total of 32,157 (or 3.78 per 1,000 workers) non-fatal injuries were work-related in 1994, 6 a number almost 25 times the size of work-related fatal injuries. Such non-fatal injuries were usually accompanied by hospitalizations and even functional disability, and consequently were considered to compromise the quality of life.
Because little information exists on the effectiveness of preventive measures in reducing work-related injury rates, several studies have been conducted to examine specific risk factors for work-related injuries in an attempt to identify workers at higher risk. 7 ' 8 Little attention, however, has been concentrated on workers who are at a higher risk of sustaining non-fatal work-related injuries. The study presented here aims to examine specific risk factors associated with the development of multiple workrelated non-fatal injuries among workers in Taiwan.
MATERIALS AND METHODS

Compensation records
We retrieved compensation records fromTaiwan's Labour Insurance Registry (LIR), to obtain details of the cases of work-related non-fatal injury between 1994 and 1996. The compensation records are population-based and supervised by the state-run Labour Insurance Bureau. A worker is entitled to be compensated whenever he/she has at least a two-day sick leave from work due to injury or/and disease, regardless of whether or not the injury or disease is work-related. Additionally, the employer is normally responsible to the employee for compensation claims. As a result, almost all injured workers eligible for compensation would place a claim. There were some 7.4 million workers covered by the LIR at the end of 1996. 6 Analyses were limited to cases of work-related nonfatal injury only. For each non-fatal injury, we retrieved relevant information including the worker's demographic characteristics, date of injury, geographic area of employment, industry of employment and earned wage for the analyses. Between 1994 and 1996, a total of 96,015 non-fatal injury in 77,846 workers were recorded. Among the 77,846 workers, 2,616 (3.36%) sustained more than two injuries (or an average of at least one injury per year) over the three-year period.
Nested case-control design
We used a nested case-control design to explore factors potentially associated with the risk of sustaining multiple non-fatal injuries. Cases included workers who were in the workforce and experienced at least three occurrences of non-fatal injury between 1994 and 1996. Our data showed that there were 2,616 workers eligible for recruitment as cases. Controls consisted of 3,974 (6.3%) workers randomly sampled from 63,000 employees who experienced only one incidence of non-fatal injury during the same period. The potential risk factors assessed for their associations with risk of sustaining multiple non-fatal injuries included age at the first time of injury, gender, earned wage, industry of employment and level of urbanization for the geographic area of employment. For cases, information on the risk factors studied for the first time of occurrence of non-fatal injury was used in the analysis.
Statistical analysis
Contingency tables showing the distributions of potential risk factors between cases and controls were constructed. The independent effect of each of the potential risk factors studied was assessed using multivariate logistic regression. We categorized age into six groups, i.e., 15-24 years, 25-34 years, 35-44 years, 45-54 years, 55-64 years and 65+ years; and divided wage into quartiles based on the wage distribution among the control subjects. The dose-response relationship between risk of developing multiple non-fatal injuries with both age and with earned wage was separately assessed in the multivariate logistic regression model by fitting a term for age coded 1 to 6 and a term for wage coded 1 to 4. Statistical analyses were performed with the SAS statistical package. 9 Table 1 shows the numbers and percentages of workers with different frequencies of work-related non-fatal injury. Between 1994 and 1996, a total of 77,846 workers claimed compensation for work induced non-fatal injuries. These workers sustained a total number of 96,015 non-fatal injuries. Among compensated workers, 2,616 (3.4%) suffered from at least three non-fatal injuries. More than 80% of the compensated workers sustained only one non-fatal injury during the same period. Table 2 shows the results from logistic regression analyses with adjustment of the co-variates in the model. Compared with construction workers, workers employed in the industries of mining and quarrying [odds ratio (OR) = 2.7, 95% confidence interval (CI) -1.6-4.6], manufacturing (OR = 1.2, 95% CI = 1.0-1.5), commerce (OR = 1.6, 95% CI = 1.3-2.0), transport, storage and communication (OR = 1.3, 95% CI = 1.0-1.7) and social, personal and community service (OR = 1.4, 95% CI = 1.0-2.0) were at significantly higher risk of developing multiple non-fatal injuries. Age and earned wage were the other two factors associated with risk of developing multiple non-fatal injuries. Compared with workers aged 15-24 years, there were significantly elevated risks among older age groups. The elevated risk 580 NTD/day, was particularly notable among elderly workers aged 65 years or older (OR = 3.3, 95% CI = 1.8-6.3). Additionally, workers with higher wage scales were more likely to experience multiple non-fatal injuries than those with lower pay. Workers who earned a wage above the 75 th percentile experienced an almost eightfold higher risk than workers within the 25 th percentile (OR = 8.0, 95% CI -6.6-9.7). The respective association of multiple non-fatal injuries with age and earned wage showed a significantly positive dose-response relationship. Both gender and level of urbanization for geographic area of employment did not show any influence on risk of sustaining multiple non-fatal injuries.
RESULTS
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DISCUSSION
Risk factors for sustaining multiple non-fatal workrelated injuries have rarely been investigated. As compared with construction workers, employees in mining and quarrying were at the highest risk (2.7 times higher) of work-induced multiple non-fatal injuries. Although slightly lower, some other industries including manufacturing, commerce, transport, storage and communication and social, personal and community service all showed significantly elevated risks with a magnitude between 20% and 60%. Higher risks were also noted among workers of older age groups and workers on higher wage scales, with a significant dose-response pattern.
It should be noted that, among all types of occupation, construction workers were not at the highest risk of sustaining multiple non-fatal injuries. The incidence of fatal injuries is most common in the construction industry in both the Unites States 10 and Taiwan. 6 Based on the 1992 vital statistics, the proportional mortality from accidents in construction workers was 2.6 times higher than that in traders or commerce employees (26.4% vs. 10.3%). In addition, survivors from injuries in construction occupations either have an elevated probability of longer sick leave or leave their jobs because of severe injuries, making them less likely to have the opportunity to sustain multiple injuries. Due to a lack of detail on machinery, work practices or worker characteristics among the mining and quarrying workers in our data, an explanation for why workers from the mining and quarrying industries were at the highest risk of multiple non-fatal injuries was not obvious, which also limited the interpretation of the findings.
It was no surprise to us that older workers were at higher risk of sustaining multiple non-fatal injuries. Reduction in physical functions such as visual acuity, hearing, mental alertness, etc. may increase the risk of injury in the workplace. A study of risk factors for occupational injury among older workers noted that jobs requiring good vision and heavy lifting were directly related to occupational injury and suggested the importance of a good match between job demand and workers capability. 7 The elevated risk among older workers noted in the study could result from older workers not being capable of meeting job demands or may simply be a consequence of physical decline among older workers.
We noted an unexpected positive association between earned wage and risk of multiple non-fatal injuries. Earned wage can be a mixed indicator of a number of factors including industry, age, gender, job content, length of employment, level of skill, degree of carefulness, on shift-work duties, etc., and some of these factors may be related to the risk of injury. For example, people who have potentially higher risks of developing workrelated injuries may tend to be higher paid, which could account for the positive association between wage and non-fatal injury. Because of limited information on these wage-related factors, we can only make limited interpretations. The association, independent of industry, age and gender, of higher wage scales with risk of multiple non-fatal injuries shown in the study deserves further study in order to provide more specific interpretations of our finding.
Failure to adjust for length of employment could be a drawback to our rinding that the risk of developing nonfatal injuries was correlated with both age and earned wage. Specifically, workers with short-term employment tend to be both younger, and lower paid, in general, and would be less likely to have had an opportunity to experience multiple non-fatal injuries compared to workers with longer periods of employment. However, such speculation can hardly be true for the dissimilarity in risks among workers aged 45 years and older or among workers in median or higher wage groups. Older workers or those in higher wage groups were likely to have similar average lengths of employment during the study period. Because information on length of employment was not available from compensation records, we were not able to empirically substantiate or refute the above speculation.
In summary, the preliminary analysis suggests that workers in certain industries are at a significantly elevated risk of developing work-induced multiple non-fatal injuries, in particular those from the mining and quarry industries. Additionally, further preventive measures should be aimed at protecting older workers from such injuries and further studies would help provide more specific interpretations on the positive association between higher wage earning and risk of multiple nonfatal injuries.
